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then analysed per block. The ﬁnal model was made using the enter method
(p<0.05).
The data was analysed using 3 different approaches to deﬁne progression:
1) a change of more than 0.5 SD of the mean WOMAC pain score at
baseline, 2) a shift to a higher quintile-group, or remaining in the 3 highest
quintiles of WOMAC pain scores as proposed by Sharma et al., 3) any
deterioration in WOMAC pain score. The ﬁrst 2 approaches were analysed
with logistic regression analyses. The third approach was analysed with
linear regression analyses.
Results: Of the 1002 patients in the CHECK cohort, the majority were
female (79%). Mean age was 56 years. 82.7% of all patients had knee pain,
while 58.7% had hip pain at baseline. Almost half of the patients (41.4%)
consulted for hip and knee pain.
On average the pain of the CHECK patients declined slightly over the ﬁrst
two years. However, after two years 40.1% of the patients had a higher
WOMAC pain score than at baseline.
For the approach based on change >0.5 SD we found for hip complaints
that moderate alcohol use and a higher WOMAC pain score at baseline
protected against an increase, while a painful hip ﬂexion led to more
pain after two years. While the Sharma method only found a relation
between a painful hip ﬂexion and more pain. The linear regression analysis
yielded that having paid employment and more pain at baseline (WOMAC)
and a better health (SF 36) protected against more pain, while having
concomitant complaints of arm, neck and shoulder led to more pain.
For knee complaints the SD method yielded that moderate alcohol use,
more pain at baseline and a better vitality (SF 36) protected against an
increase in pain, while hip stiffness and a Kellgren & Lawrence (KL) score
of 2 or more was related to more pain after two years. Using the Sharma
method we found that moderate alcohol use and a better physical function-
ing score (SF 36) protected against more pain, while hip stiffness and a KL
≥ 2 led to more pain after two years. Finally the linear regression showed
that more pain at baseline (WOMAC) and a better physical functioning
score (SF 36) protected against an increase in pain.
Conclusions: We were able to identify several predictors on progression of
pain in early osteoarthritis. However the predictors for the 3 deﬁnitions of
deterioration of pain are very different. Not one factor was found in all 3
methods for one joint. This indicates that the choice of what is regarded as
deterioration is essential.
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Purpose: Subacromial impingement SI and glenohumeral osteoarthritis
(OA) are traditionally treated as separate pathologic conditions but often
present concurrently in the same patient and both conditions have been
associated with abnormal scapular positioning and muscle coordination.
A proposed impairment model could be that a lack of stabilizing activity
in the lower trapezius muscle could cause an alignment deviation of the
scapula. This could potentially lead to structural and pathomechanical
alterations like SI as a ﬁrst sign of increased deterioration in the joint even-
tually leading to OA. In the present study the aim was to compare subjects
with SI with healthy subjects regarding the neuromuscular function during
a standardized selective activation task subsequent to a visual biofeedback
guided training session.
Methods: Thirty subjects volunteered, 15 subjects with impingement syn-
drome (40 yrs ± 13) (imp) and 15 healthy subjects (39 yrs ± 12) (no-imp).
Inclusion criteria for imp were at least 30 days with pain/discomfort in the
shoulder/neck region within the last year and 2 or more positive impinge-
ment tests, while for no-imp it was less than 8 days with pain/discomfort
within the last year and no positive impingement tests.
Surface EMG was recorded from 4 parts of the trapezius muscle, maximal
EMG amplitude (MVE) was measured and muscle activity was calculated as
%MVE for each part. With subjects lying prone the EMG signals from the 4
parts of trapezius muscle were used for visual biofeedback source. Training
sessions of selective activation tasks of each of the 4 parts of trapezius
were conducted. Subsequently, the ﬁnal task was in 3 attempts of 30 sec
to perform the selective activation without visual biofeedback. Successful
selective activation was deﬁned as activity in the requested subdivision
above 12% while the others were below 1.5% MVE. Secondly, during the
attempt of selective activation the activation ratio was calculated as the
activity of the requested muscle part relative to the total activation in all 4
muscle parts in 1 sec time bins. For each task the largest 1 sec value was
taken as the peak value. An unpaired t-test was applied to test differences
between groups.
Results: A signiﬁcantly lower activation ratio for both the lower and upper
parts was found for both imp and no-imp when no visual guiding were
provided compared to the biofeedback training trials (table 1). Without
feedback no subjects were able to selectively activate the upper part but
5 no-imp vs. 0 imp subjects attained selective activation of the lower part.
Regarding activation ratio, there was no difference in the mean peak values
of imp and no-imp. However, 9 no-imp vs. 3 imp, attained an activation
ratio higher than 95% of the lower part while for the upper part none of
the subjects reached 95%.
Table 1. Number (%, SD) of subjects with (imp) and without Impingement (no-imp) who
are able to selectively activate trapezius muscles (upper/lower parts) during sessions
with and without visual biofeedback
Subjects N=30 Selective Selective Difference between
activation with activation without selective activation
biofeedback biofeedback with/without
(%, SD) (%, SD) biofeedback (p-value)
Imp. group 15
Lower subdivisons 95.6% (5.6) 90.5% (6.2) (p≤0.05)
Upper subdivisons 85.7% (14.9) 67.5% (14.9) (p≤0.001)
No-imp. group 15
Lower subdivisions 96.4% (2.8) 93.4% (4.4) (p≤0.05)
Upper subdivisions 85.3% (13.0) 70.2% (14.3) (p≤0.001)
Conclusions: The results indicate that the no-imp subjects after a biofeed-
back training session have a superior scapula muscle control compared to
the imp. The observed effect of biofeedback to increase activation ratio of
both upper and lower parts in attempted selective activation shows that it
is feasible to use biofeedback to improve the neuromuscular function and
thereby improve scapular coordination also in individuals with SI.
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Purpose: The Ehlers-Danlos Syndrome (EDS) is one the most prevalent
heritable connective tissue disorders. Generalized severe joint hypermo-
bility, which is frequently associated with joint dislocations, chronic pain
and premature osteoarthritis, is the dominant clinical manifestation of the
hypermobility subtype of EDS (EDS-HT). The musculoskeletal pain is early
in onset, chronic and debilitating. However, research on the burden of the
disease is scarce. The goal of this study was to compare the impact of
disease, assessed by measures of pain and health-related quality of life
(HRQOL), between patients with EDS-HT, ﬁbromyalgia (FM) and rheuma-
toid arthritis (RA), diseases which are characterized by chronic widespread
musculoskeletal pain.
Methods: A total of 206 female patients were compared: 72 patients
with EDS-HT, 69 patients with FM and 65 patients with RA. The psy-
chosocial impact of chronic pain was assessed using the Multidimensional
Pain Inventory (MPI), which comprises ﬁve subscales: pain severity, pain
interference, perceived life control, affective distress and social support.
The health-related dysfunction was quantiﬁed using the Sickness Impact
Proﬁle (SIP), containing twelve different subscales aggregated into a phys-
ical, psychosocial and overall health dimension. Scores were compared by
multivariate analysis of covariance, adjusting for age, years of education,
living status, and current statute. Bonferroni’s procedure was used to adjust
for multiple testing.
Results: The results of this study showed an important impact of pain
on everyday life for all groups (Figure 1). The MPI T-scores revealed
that the EDS-HT group has signiﬁcantly higher levels of pain intensity
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Figure 1
and pain-related suffering, signiﬁcantly more interference of pain with
daily activities, and signiﬁcantly lower control over pain and life events
compared to the RA group. However, in comparison with the FM group,
the EDS-HT group showed signiﬁcantly lower levels of pain severity and
life interference, and was less bad-tempered, over-sensitive and anxious
(‘affective distress’). Social support of signiﬁcant others due to pain was
similar between the 3 groups.
The results in Figure 2 showed clinically relevant health-related dysfunc-
tion in all groups. Especially, a signiﬁcantly poorer physical, psychosocial
and overall health function was found in the EDS-HT group compared
with the RA group. In contrast, in comparison with the FM group, the EDS
group reported a similar physical and overall health status, but a better
psychosocial health.
Figure 2
Conclusions: This study demonstrates that patients with EDS-HT expe-
rience a broad psychosocial impact of chronic pain on daily life, similar
or even worse compared to patients with FM or RA. At the same time,
this study shows that EDS-HT has a considerable impact on physical and
psychosocial health in most areas of HRQOL. Our ﬁndings emphasize that
EDS-HT, like other chronic widespread musculoskeletal pain disorders, is
associated with a consistent burden of disease. Therefore, treatment of pain
should be a prominent aspect of symptomatic management of EDS-HT.
Proteomics & Metabolomics
501
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Purpose: In recent years there has been a rapid expansion in the use
of proteomics to discover biomarkers and new molecular mechanisms
involved in joint disease. In addition, proteomic discovery of novel cartilage
components and interactions that have evaded detection by more targeted
biochemical approaches will facilitate analysis of biomaterials developed
for cartilage repair. To gain a more complete understanding of cartilage
extracellular matrix (ECM) maturation, we analyzed changes in protein
expression and solubility in a novel mouse neo-cartilage system.
Methods: Primary mouse chondrocytes were maintained in scaffold-free,
high density cultures for up to 6 weeks and transmission electron mi-
croscopy was used to verify production of a cartilaginous ECM. Sequential
extracts of juvenile cartilage (P3) and 3-week neo-cartilage, prepared using
1M NaCl followed by 4M GuHCl, were initially analysed by SDS-PAGE.
Label-free quantitative mass spectrometry (LTQ-Orbitrap), statistical and
bioinformatic analysis was then used to ﬁlter out three signiﬁcant protein
groups: proteins enriched according to extraction condition (“extraction
proﬁling”), proteins differentially abundant between juvenile cartilage and
neo-cartilage, and proteins with different solubility properties between the
two tissues. Key proteins were further investigated in neo-cartilage and
3-week mouse femoral head cartilage by immunohistochemistry.
Results: Ultrastructural analysis revealed clearly deﬁned pericellular
and territorial matrix zones, dense proteoglycan/collagen networks and
intricate chondrocyte-matrix contacts. SDS-PAGE indicated that in juvenile
cartilage, more proteins were readily soluble, whereas in the neo-cartilage
more proteins were extracted under denaturing conditions. LTQ MS/MS
identiﬁed a total of 819 proteins at high conﬁdence (2 or more unique
peptides), of which 620 and 706 proteins were detected in juvenile
cartilage and neo-cartilage, respectively. Proteins signiﬁcantly enriched
in neo-cartilage (n=78, p<0.05 using Student’s t-test) included proteins
previously not reported or with unknown function in cartilage (EDIL3,
integrin-binding protein DEL1; CCD80, coiled-coil domain-containing
protein 80; EMIL1, elastin microﬁbril interface-located protein 1 and PEDF,
pigment epithelium-derived factor). The cohort of proteins with the great-
est differential in extractability between the two sample types included
many pericellular and extracellular matrix components, including collagen
VI, nidogen-2, perlecan, matrilin-3 and COMP. One of the guanidine extract
speciﬁc proteins in the mouse neo-cartilage was the serine protease
inhibitor, protease nexin-1. We conﬁrmed PN-1 as a novel component of
developing articular cartilage in vitro and in vivo by immunohistochemistry.
Conclusions: The cartilage “extraction proﬁles” are, to our knowledge, the
most detailed solubility-based comparative analysis of a tissue proteome.
The partitioning of readily soluble proteins from more tightly-integrated
components applied to cellular components of large protein complexes (eg
tubulins, ribosomal and proteasomal subunits) as well as ECM proteins
and proteoglycans. This fractionation approach therefore facilitates deeper
mining of the proteome while maintaining important biochemical informa-
tion related to the proteins identiﬁed. Using these differences in protein
solubility we generated a comprehensive proﬁle of mouse neo-cartilage
and identiﬁed novel components involved in maturation of the cartilage
ECM.
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Purpose: To study the effect of chondroitin sulfate (CS) on the proﬁle of
